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Laser Doppler Flowmeter
<—— (Blood Perfusion Monitor,
Laserflo BPM 403A)
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Fig. 1. Measurement of blood flow with laser Doppler flow-
metry. Body temperature of mouse was maintained at 36T
by warm pad and monitored by rectal probe.
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ZAFAE 3 GyAl 0364020, 6 GyAl 1.24+026%, 9
GyA] 247+0.28%, 12 GyA| 427+043Y0]9)31 GBES W&
g FollAE 3 GyAl 07110192, 6 GyA] 1.90+0.262, 9
GyAl 32510439, 12 GyA] 4.67+03320|gir}. 3] &AL
Aghsle] 1 WA EESRAAA Q7] BAlE A
=z A9 7% TGD (days)=043xD (Gy)—1.16, GBE ¥
279 7% TGD (days)=0.44 XD (Gy)—0.672 L}E}y}rh(Fig.
). + Z41& multiple partial F-test® H|:3l A3} o] AAE
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103]9] 28 AR A FeRgAA 7|7l
AAREZATS A 6 GyAl 17910379, 12 GyAl
3.090.54, 18 GyA] 4.89+0.27%, 24 GyA] 6341044,
30 Gy/l] 7.7310.52U0]9l31 GBEE H£A] 6 Gy/l] 193+
0474, 12 Gy/(] 3.74+0.57Y, 18 Gy/(] 547+0.82Y, 24 Gy

2000

1000 |

Tumor volume (mm3)

100

10 12
Days

0 2 4 6 8 14 16 18

Fig. 2. Tumor growth curves according to treatment. @ Con-
trol, O Radiation alone (3 GyXx10 fractions) A Radiation
with GBE (100 mg/kgXx2).



A 801+0.64%, 30 GyA| 8.87+047%0]gir}. HIALA gkZak
ARAAZIZFE] A= RS 2ATS 7§ TGD

Rad. Alone
Rad+GBE

Tumor growth delay (days)

12
Dose (Gy)

Fig. 3. Effect of GBE on tumor growth delay by single frac-
tion irradiation. Two lines were not overlapped (p<0.05). Ra-
diation doses for 3 day tumor growth delay were 9.67 Gy
for radiation alone and 8.34 Gy for radiation with two doses
of GBE (100 mg/kgx2). The enhancement ratio of GBE was
1.16. Vertical bars indicate standard error.

10
,,,,,,, Rad. Alone
. —— Rad+GBE
g 8
; -
g P
g
T 6
°
<
3
5 41
5}
IS
g o2r
0 ‘ ‘
5 2 6 8 10
Dose, 3 Gy x

Fig. 4. Effect of GBE on radiation tumor growth delay (mul-
tiple fraction irradiation). Two lines have different slopes and
the enhancement ratio of GBE was 1.19 (95% ClI. 1.13~1.27).
Vertical bars indicate standard error.

Table 1. Blood Flow Measurement with Laser Doppler Flowmetry
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(days)=0.26 XD (Gy)+0.13, GBE #-E-2] 7% TGD (days)=
0.30XD (Gy)x0.132.2 JeLI, slope ratio assayS A|efs}
of ol WAMHAAETTES 1.190]90em 95% A7k
1.13~12724] GBE W82 25 WAdasrt folsiA
S7H= vehlSlchFg. 4).

2. GBEO| ot 720 gt

e F43 A Ag=A9
Poisson H-3*9} n]s=3l H¥
o HF 10.15 mL/100 g/
7.78 mL/100 g/mino.
mL/100 g/min F7+
= B85 8~10
mL/100 g/minol] B|E}e] Fok 4~6 mL/100gmino. & ok
th 2 mL/100 g/min o]s}e] APFEEE AT Fol v
slo] Fokol|A =] Ve TH0.5%2F 5.2%, p=0.005)(Table
1, Fig. 5).
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7} 10.15+035 mL/100 gmin, 9.56+0.42 mL/100 g/min,
10.53+0.41 mL/100 g/min, 10.92+0.37 mL/100 g/mino|} 3L
7t AR Aolddls BAIRSE {3t Aol7t gle AR
velskehFig. 6). e Sl g e HTE ¥
Feko] W= 7.78+0.30 mL/100 g/min, GBE 23] Foli-
9.61+0.39 mL/100 g/minZA] GBE 23] $ojof] ozl &d5eko|
Wz7e] 235% % Eolwkal, ol SAFCE ou|YA St
gk o8 PEE I cHp=0.0004)(Table 6). =3k =9 73
- "k HulX)7} 4~6 mL/100 g/mineld] v]slo] GBE 23]

T e|Tre
7 3% B 2HIX7F 8~10 mL/100 gmine & 1}

Foirg]
EFSLaL, 2 mL/100 g/min olste] A¥E{HF EE7} 29

-

I~

~

No. of Thigh muscle Tumor
Group : .

MICE  Points Mean*S.E. (mL/100 g/min)  p’ Points  Mean+S.E. (mL/100 g/min) P
Control 13 199 10.15+0.35 192 7.78+0.30
GBE 1 11 175 9.56+0.42 0.10 146 8.67+0.37 0.05
GBE 24 12 169 10.53+0.41 0.70 194 918+0.34 0.007
GBE 25 12 191 10.92+0.37 0.09 145 9.61+0.39 0.0004
Total 48 734 677

‘compared to control
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W Muscle
1 Tumor

Relative frequency (%)

0 2 4 6 8 10 12 14 16 18 20 22 24
Blood flow (mL/100 g/min)

Fig. 5. Frequency distribution of measured blood flow for muscle and tumor
without GBE. Low blood flow fraction (less than 2 mL/100 g/min) was higher
in tumor than in muscle (0.5% vs. 52%, p=0.005) and the mean blood flow was
higher in muscle (10.15 mL/100g/min in muscle vs. 7.78 mL/100 g/min in tu-
mor, p=0.0001).

25

Control
[ GBE (1&25 hr)

Relative frequency (%)

0 2 4 6 8 10 12 14 16 18 20 22 24
Blood flow (mL/100 g/min)

Fig. 6. Frequency distribution of measured blood flow in muscle for control and

GBE Group. GBE was injected 1 hour and 25 hours before measurement. Blood
flow distribution was not changed with GBE.
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Ginkgo biloba extracte >eQol|A] 55 ofe] 7kA] A A, dF2AALo T HHo] Ue FIHE o|A7|IL ]
o] EMEARA 2% dAolA 58 3“ EZEE flavonoids AAR oz o|gE e 7IAEE z2Asle] dFE =V}
o terpenides 2 FPIA YA ARAA AT FolA F2 & AL BEE ek B, DBT SHS Ak Y

o
=
Aol FFEL Fol F 2 UA) 347 dlel] Al WA B AL ZUAA Qo] RS AelA7E Ao 2A Ginkgo

wol Esle] WAzl Aubm Fold JIFEAE Wolal  biloba 200 mgE 4U7k A& FYA WY AR Frhelw
o9 whsel i BN FAA R4 F 4sBeld 0% Wele] AESh w4l kuivl £F mAdde] 9H37
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Control
[ GBE (1&25 hr)

12 14 16 18 20 22 24

Fig. 7. Frequency distribution of measured blood flow in tumor for control and
GBE Group. GBE was injected 1 hour and 25 hours before measurement. Low
blood flow fraction (less than 2 mL/100 g/min) was decreased with GBE (5.2%
vs. 0.7%, p=0.02) and the mean blood flow was increased by 23.5% (p=0.0004).
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The Effect of Ginkgo Biloba Extract on the Fractionated
Radiation Therapy in C3H Mouse Fibrosarcoma

Jong Hoon Kim, M.D., Ph.D."", Sung Whan Ha, M.D., Ph.D.”" and Charn Il Park, M.D., Ph.D.""

"Department of Therapeutic Radiology, Seoul National University, College of Medicine,
TInsititute of Radiation Medicine, Medical Research Center, Seoul National University,
"Department of Radiation Oncology, University of Ulsan College of Medicine, Seoul, Korea

Purpose : A ginkgo biloba extract (GBE) has been known as a hypoxic cell radiosensitizer. Its mecha-
nisms of action are increase of the red blood cell deformability, decrease the blood viscosity, and
decrease the hypoxic cell fraction in the tumor. The aims of this study were to estimate the effect of
GBE on fractionated radiotherapy and to clarify the mechanism of action of the GBE by estimating the
blood flow in tumor and normal muscle.

Materials and Methods : Fibrosarcoma (FSall) growing in a C3H mouse leg muscle was used as the
tumor model. When the tumor size reached 7 mm in diameter, the GBE was given intraperitoneally at 1
and 25 hours prior to irradiation. The tumor growth delay was measured according to the various doses
of radiation (3, 6, 9, 12 Gy and 15 Gy) and to the fractionation (single and fractionated irradiation) with
and without the GBE injection. The radiation dose to the tumor the response relationships and the
enhancement ratio of the GBE were measured. In addition, the blood flow of a normal muscle and a
tumor was compared by laser Doppler flowmetry according to the GBE treatment.

Results : When the GBE was used with single fraction irradiation with doses ranging from 3 to 12 Gy,
GBE increased the tumor growth delay significantly (p<0.05) and the enhancement ratio of the GBE was
1.16. In fractionated irradiation with 3 Gy per day, the relationships between the radiation dose (D) and
the tumor growth delay (TGD) were TGD (days)=0.26 XD (Gy)+0.13 in the radiation alone group, and the
TGD (days)=0.30xD (Gy)+0.13 in the radiation with GBE group. As a result, the enhancement ratio was
1.19 (95% confidence interval; 1.13~1.27). Laser Doppler flowmetry was used to measure the blood flow.
The mean blood flow was higher in the muscle (7.78 mL/100 g/min in tumor and the 10.15 mL/100 g/min
in muscle, p=0.0001) and the low blood flow fraction (less than 2 mL/100 g/min) was higher in the tumor
(0.5% vs. 5.2%, p=0.005). The blood flow was not changed with the GBE in normal muscle, but was
increased by 23.5% (p=0.0004) in the tumor.

Conclusion : Based on these results, it can be concluded that the GBE enhanced the radiation effect
significantly when used with fractionated radiotherapy as well as with single fraction irradiation. Further-
more, the GBE increased the blood flow of the tumor selectively.

Key Words : Ginkgo biloba extract (GBE), Fractionated irradiation, Tumor blood flow
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